Introduction
The fate of hematopoietic stem cells is regulated by Notch signaling. In bone marrow, Notch proteins, such as Notch1, on hematopoietic stem cells are activated by the binding of Notch ligands, such as Jagged1, on stromal cells (1) . Notch activation is also involved in the growth of leukemia cells (2) , particularly T-cell acute lymphoblastic leukemia (T-ALL) cells. Gene mutations resulting in the activation of Notch1 are present in half of T-ALL cases (3) .
Previously, we reported, based on data obtained from immunoblot analyses, that half of the samples of acute myeloid leukemia (AML) cells express Notch1 and/or Jagged1 proteins (4) . We also demonstrated that Notch activation induced by Notch ligand stimulation affects the growth of AML cells (5, 6) . The detection of Notch and Jagged proteins in leukemia cells aids the characterisation of leukemia cases. However, the immunoblot analysis is not suitable for clinical examination since it is time-consuming.
Flow cytometry (FCM) is suitable for clinical examinations since it is currently performed as a routine examination in hospital laboratories. The expression patterns of Notch and Jagged proteins in normal blood cells and leukemia cells have not been well-characterised by FCM. In the present study, we examined the expression of Notch1 and Jagged1 proteins on the surface of normal blood cells, normal bone marrow cells and various leukemia cells.
Materials and methods
Cells. Four AML, four T-ALL and three B-cell lymphoma cell lines were used for this study (Table Ⅰ) . NB4 (7) was provided by Dr M. Lanotte (Institut Universitaire d'Hématologie, Paris, France). TMD7 and TMD8 were established in our laboratory. The T-ALL cell lines had NOTCH1 mutations, and were provided by Dr A. Harashima and Dr K. Orita (Fujisaki Cell Center, Okayama, Japan). The other cell lines were supplied by the Japanese Cancer Research Resources Bank (Tokyo, Japan).
Normal blood samples were obtained from 10 
Results
Notch1 and Jagged1 expression in leukemia/lymphoma cell lines. We first examined the expression of Notch1 and Jagged1 proteins in 11 leukemia/lymphoma cell lines since we had previously detected the expression of these proteins by immunoblot analysis (4). The fluorescence histograms from the representative cell lines are shown in Fig. 1 . The percentage increase in MFI of all the cell lines examined is shown in from the representative samples of normal blood and bone marrow aspirates is shown in Fig. 2 . The average values of the % increase in MFI of all samples examined are shown in Table III . Notch1 is expressed, in order of increasing intensity, in monocytes, granulocytes, lymphocytes and erythroblasts. The expression of Jagged1 is relatively strong in monocytes. The Notch1 and Jagged1 expression in each cell fraction in blood was found to be weaker than that in the same fraction in bone marrow aspirates.
Notch1 and Jagged1 in leukemia samples. The intensity of expression of Notch1 and Jagged1 in leukemia cells from 22 patients is shown in Fig. 3 . Of seven AML samples, three were found to express both Notch1 and Jagged1, one expressed Jagged1 only and three expressed neither of the proteins.
No mature T-cell neoplasm samples expressed either of the proteins. All B-CLL samples expressed both Notch1 and Jagged1. The intensities of the expression of B-CLL cells were much stronger than those of normal lymphocytes.
Discussion
The present study provides a flow cytometric analysis of Notch1 and Jagged1 expression in normal blood cells and various leukemia cells. Thus far, flow cytometric detection of Notch proteins in monocytes (8) , eosinophils (9) and B-ALL cells (10) has been reported. In these studies, permeabilised cells were mainly used for the analysis. Therefore, we aimed to detect Notch1 and Jagged1 in non-permeabilised cells using leukemia/lymphoma cell lines in which Notch1 and Jagged1 expression had been examined by immunoblot analysis. We confirmed that the expression of these proteins was detected in non-permeabilised cells.
We then obtained expression profiles of Notch1 and Jagged1 in each cell fraction in normal blood and bone marrow samples. The results showed that Notch1 expression is strong in monocytes and granulocytes, and weak in lymphocytes. We confirmed that this tendency is also reflected in mRNA expression levels in each cell fraction according to quantitative RT-PCR (data not shown). We also found that the levels of (Table II) . Leukemia cells were gated and set according to the same conditions described for Fig. 2 . Data are presented as the percentage increase in mean fluorescence intensity (MFI) over isotype control. AML, acute myeloid leukemia; B-CLL, B-cell chronic lymphocytic leukemia. Notch1 and Jagged1 expression are stronger in bone marrow cells than in the equivalent cells in blood. The mechanism of this phenomenon has not yet been identified. We identified the expression of Notch1 and Jagged1 in various leukemia cells. Since the expression of these genes in T-ALL (3) and B-ALL cells (10) had previously been reported, we focused on AML, mature T-cell neoplasm and B-CLL cells. Certain AML samples expressed Notch1 and/or Jagged1 while other samples expressed neither protein. This observation is similar to the results of our previous study of immunoblot analyses (4). It is well known that Notch1 is crucial in the development of T-ALL (3). By contrast, mature T-cell neoplasm cells did not express Notch1 or Jagged1. This suggests that Notch signaling may not be important for the growth of mature T-cell neoplasm cells. Notably, all the B-CLL samples expressed high levels of both Notch1 and Jagged1. This suggests that Notch signaling is important for the growth of B-CLL cells. This finding is also useful for distinguishing between normal B-lymphocytes and B-CLL cells.
The present study suggests that Notch1 and Jagged1 expression is detected by FCM. To clarify the expression patterns in various types of leukemia, data from more patient samples should be obtained. Subsequently, we predict that the examination of Notch1 and Jagged1 expression is likely to be useful for the characterisation of individual cases, detection of minimal residual diseases and selection of patients that would most benefit from a novel molecular-targeted therapy using Notch inhibitors in the future.
